Pollution caused by traffic activities is increasingly becoming a great threat to human health in the region of Thrace in north-west of Turkey. Thirty six soil and plant samples were collected from the vicinity of Çorlu-Çerkezköy Highway. The samples were taken at distances of, 1, 25, 50, 100, 250 and 500 m from the highway. The each plant sample was divided into two subsamples. One subsamples of each plant was washed with with distilled water, while other part was not washed and were analyzed without any washing. All samples were analyzed for their heavy metal concentrations (Pb, Zn, Cd, Cu, Ni, Mn, Cr and Fe). The results showed that the soils in the study area were polluted by Pb. The lead concentration in the soil showed values from 19±0.2 mg kg . In this study, metal concentrations of unwashed plant samples were higher than those of the washed ones. This study indicated that the heavy metal contents decreased with increasing distances from the highway in unwashed plants.
INTRODUCTION
Heavy metals are currently of much environmental concern. They are harmful to humans, animals and are susceptible to bioaccumulation in the food chain. Heavy metals may come from many different sources in urban areas. Atmospheric pollution is a major contributor to heavy metal contamination in topsoils (Kelly et al., 1996) .
One of the most important sources of air pollution is vehicle emission. Metals such as Fe, Cu and Zn are essential components of many alloy, pipes, wires and tires in motor vehicles and are released into the roadside environment as a result of mechanical abrasion (Jaradat et al., 2005) . The metallic pollutants in the air eventually precipitated on the ground surface depending on wind flow patterns and increased their concentration in adjacent areas (Harrison et al., 1981) . Therefore, the enrichment of heavy metals in soils nearby roadsides has been reported in several studies (Norrstrom and Jacks, 1998; Charlesworth et al., 2003; Turer and Maynard, 2003; Viard et al., 2004) . In such studies the heavy metal concentrations were compared according to traffic volumes and distance from (Piron-Frenet et al., 1994; Sezgin et al., 2003; Kalavrouziotis et al., 2006) .
Heavy metals are known as non-biodegradable, and persist for long durations in aquatic as well as terrestrial environments. They might be transported from soil to ground waters or may be taken up by plants, including agricultural crops. For this reason, the knowledge of metal-plant interactions is also important for the safety of the environment. Recently, a number of studies have drawn attention to the heavy metal accumulation in plants (Shallari et al., 1998; Yoon et al., 2006; Salah and Barrington, 2006; Kalavrouziotis et al., 2007a; 2007b; Jamali et al., 2009) .
In today's environment, food safety and quality are most important in human health problems, especially in the developing country. For this reason, food safety has been recognized as such by FAO/WHO/EU Codex Alimentarius Commission. Turkey has strived to become a full member in EU since 1960. But, there are no enhanced regulations for food safety. Management systems are now built on a detailed understanding in Turkish Agriculture Ministry. Safety Regulation on food has been developing in harmony with the EU regulations. Ensuring food safety depends on effective control measures.
In the light of all these recent developments, the aim of this work is to assess the heavy metal contamination in wheat plant and agricultural soils in Thrace region. Specifically, there is no record of any information on the heavy metals contents of agricultural soils. Consequently, back-ground of heavy metal concentrations of the soils studied has not known. More research is needed to clarify this region. In this study, the heavy metal contamination in soil and plant, as one each function of a distance and direction, were evaluated. The effects of traffic pollution on wheat plant were exposed.
MATERIALS AND METHODS

Study Area Discription
Corlu and Cerkezkoy are industrial towns in Thrace region have been highly urbanized and industrialized in last decades. Textile factories (21 units), dye factories (2 units), ready mixed concrete (2 units) and a metal factory (1 unit) are active in the study area. The industrialization has brought up the population density. The products of industry, raw materials are transported to factories using Corlu-Cerkezkoy Highway. Traffic density is quite high due to the links with Istanbul Highway. There are 29 543 registered motor vehicles in Corlu and 6 299 in Cerkezkoy are registered. For more than 20 years, vehicles have been exhaust fumes in this area without any regulations (Figure 1) . Figure 1 . The map of study area and the sampling point Geologically, the study area which is over sediments of the Istranca Masses is located in Paleozoic basin, within the metamorphic sedimentary rocks (Arkoç and Erdogan, 2006) . Mediterranean climatic conditions prevail in the study area. The average annual precipitation is 662.3 mm and the average annual temperature is 13.7 o C. North and Northeast wind dominant in studied area.
Soil and Plant Sampling
A total of thirty six soil samples were randomly collected (0-200 mm depth) for sampling location. From 12 sampling points, thirty six soil samples (0-200 mm depth) were collected at different distance of 1, 25, 50, 100, 250 and 500 m on a line to the north and south of highway in May. Three composite soil samples were collected from each sampling point. Soil samples were air-dried, passed through a 2.00 mm (10 meshes) sieve and stored in plastic bags.
A total of thirty six plant samples were randomly collected at the same distances as mentioned above from 12 sampling points along the highway. For all plant samples were divided into two parts. One part of these samples was washed by distilled water and then deionized water to remove any particulates. The other plant samples were analyzed without any washing. A composite sample which included stem, roots, leaves, grain was analyzed in all together. Washed and unwashed plant samples were stored plastic bags in refrigerator for subsequent analysis. All plant samples were analyzed in duplicates.
Reagents and Apparatus
The standard working metal solutions of Pb, Zn, Cd, Cu, Ni, Mn, Cr and Fe were prepared by step dilution of standard stock solutions (1000 mg L -1
Merck AAS solutions) with double distilled deionized water. In order to eliminate contamination, all containers were dipped in concentrated HNO 3 over a night and rinsed with distilled water prior to use. A Perkin Elmer 300 Zeeman atomic absorption spectrometer equipped with an HGA-800 graphite furnace and an auto sampler was used to determine the elemental composition of the samples. The graphite furnace temperature program for working elements were set of as recommended by the manufacturer. A Unicam model 929 AA flame atomic absorption spectrometer with deuterium lamp and air acetylene burner was used during analyses. The operating parameters for working elements were set as recommended by manufacturer.
Procedures
Briefly, analysis of pH and EC were conducted using an electronic potentiometer in a 1:2.5 soil/water mixture (Jackson, 1975) . CaCO 3 % was measured by using calcimeter (Kacar, 1996) . The organic matter was determined after extraction with potassium dichromate digestion. Then the soil was titrated with iron (II) sulphate solution using phenanthroline indicator (Walkley and Black, 1947) , the granulometric characterization was performed following hydrometer method (Bouyoucos, 1951) . The soil samples were carried out based on the methods mentioned.
The method developed by Kacar, (1996) was used in soil sample digestion and heavy metal analysis. This method was appropriate for the soils of study area. In the digestion of soil, 2.0 g sample was digested with 30% H 2 O 2 (10 mL), and then dried at 90 o C. This process was repeated twice, and three drops of concentrated H 2 SO 4 and 10 mL concentrated HF were added to dried samples. Then, samples were dried at 200 o C. 15 mL concentrated HNO 3 , 2 mL concentrated H 2 SO 4 and 1 mL concentrated HClO 4 were added to the dried samples. Following the cooling of samples, 25 mL distilled water was added to samples. The residue was filtered and diluted to 50 mL with distilled water. The concentrations of Zn, Cr, Cu, Ni, Mn and Fe were determined by FAAS (Unicam model 929 AA), and concentrations of Pb and Cd were determined by GFAAS in the Kırklareli Laboratory of Agricultural Research Institue of Soil and Water Resources.
The each plant samples were divided into subsamples. Each subsample was washed with distilled water and dried at 105 o C for 30 min and 60 o C for 24 h. While other subsample of plant was dried without washing. The rest of the plant materials were only dried at the same temperatures. All dried plant samples were ground, homogenized and were stored in plastic bags. For the digestion of plant materials, 1.0 g sample was placed into an Erlenmeyer and digested for 3 h at 85 o C with concentrated HNO 3 : HCl (3:1) mixture. 1 mL concentrated HClO 4 was added to mixture (Şabudak et al., 2007) . The solutions were filtered and diluted to 50 mL with distilled water. The concentrations of Pb, Cd, Zn, Cr, Cu, Ni, Mn and Fe in plant samples were determined by GFAAS.
Quality Control
The accuracy and precision of the analysis results were checked by periodic analysis of Standard Reference Materials obtained from the Country Control Laboratory of Agriculture Ministry. The percent recovery for the soil sample for Pb, Zn, Cd, Cu, Ni, Mn, Cr and Fe were 95, 94, 96, 95.4, 95, 97, 94 and 95, respectively 
Statistical Analysis
Means and standard deviations were used to assess the contamination levels of heavy metals in soil and plant samples. Linear regression analysis was conducted to determine the relationships between heavy metal concentration and effect of sampling distance. The analyses were performed using TARIST software.
RESULTS
Metal Concentrations in Soil Samples
A number of factors govern the extent of heavy metal accumulation and distribution in soil and plants. Factors include the distance of the sample from highway, the soil chemical and physical properties such as pH, organic matter, clay content, wind direction, car density of the road, and duration of exposure (Kalavrouziotis et al., 2007a) . According to Haktanir (1983) and Redondo et al. (2009) the amount of organic matter, pH, CaCO 3 % and texture of soil affects on the heavy metal accumulation. The heavy metal is adsorbed by organic matter and silt/clay fraction. The high pH, organic matter and clay content increase the binding of heavy metals. Some of physical and chemical properties of investigated soils were given in Table 1 . Organic matter content of the soils studied was low. The amount of CaCO 3 was very low. The pH's soils were between 7.1 and 7.5, and therefore considered as neutral. According to the percentages of sand, silt and clay, the soils investigated were classified, in north, as sandy clay loam; in south, as sandy loam. The total heavy metal contents determined according to directions and distances from highway were shown in Table 2 . According to the results in Table 2 , the highest Zn 59±0.6 mg kg were measured at distances of 25 m and 100 m from the access highway, respectively. The dominant wind has likely carried Pb to those sampling points. The soil samples had highly Pb concentrations of 10-14 times that of the average agricultural soils explained by Kacar (1996) . This is result of the traffic pollution and the industrialization. Major source of Pb is the combustion of diesel/petrol, the vessel of the car. This finding is similar to those found by Adiloğlu et al. (2011) . The concentrations of Pb in most of the soil samples were higher than those recommended by the World Health Organization (WHO) Pb<35 mg kg The manganese levels of soils were slightly high and varied from 182±0.1 mg kg Fabis, (1987) . Ni and Pb concentrations are very variable from a sampling point to another. Not only the dominant wind but also industrial activities in the study area can probably lead to this result. Moreover, Cr concentration was slightly high in the south at a distance 500 m from highway. The concentration of Cr was measured in all soil samples as 142±0.5 mg kg -1 to 21±0.7mg kg -1 at 1 and 500 m distances from the road. This finding appeared to be consistent with the results from other studies (Kelly et al., 1996; Shallari et al., 1998; Feng-Rui et al., 2007) . The maximum Fe levels were observed in the south at a distance 1 m from the highway with 9230±0.8 mg kg -1
. The concentrations of Fe in soils were slightly high.
The regression analyses showed that concentration of heavy metals versus distance were not significant. This may be explained by the fact that the area contains the industrial activities as well. Nevertheless, reductions were detected in the concentrations of Cu, Cd, Cr and Fe with distance in the northern side, and those of Pb, Ni with distance in the southern side.
Metal Concentrations in Plants
Cereals are essential constituents of the human diet. Wheat plant (Triticum aestivum L.) was chosen to test heavy metal contamination because of approximately 65% Turkey's wheat is produced on the agricultural sites of the Thrace region. Roots, leaves, grain and stem of wheat plant were used in the analyses. The heavy metal concentrations obtained from washed and unwashed wheat samples are given in Table 3. Heavy metal concentrations at different distances were different in the washed and in unwashed plant samples. This is a result of the impact of atmospheric fall. For unwashed samples, the total concentrations of heavy metals represent the amount deposited on the plant surface by atmospheric dust fall. The heavy metal concentrations of unwashed plant samples were higher than those of the washed ones. Furthermore, linear regression between unwashed versus washed was significant in Cu, Ni, Mn and Fe. In the unwashed plant samples, maximum concentrations of Zn 34±0.2 mg/kg, Pb 5.3±0.8 mg/kg, Ni 45±0.4 mg/kg, Mn 397±5.1 mg/kg and Fe 481±2.3 mg/kg were observed at a distance of 250 m to 500 m to the south of highway. Plant uptake of heavy metals from soil occurs either passively with the mass flow of water into the roots or through active transport crossing the plasma membrane of roots epidermal cells (Kim et al., 2003) . According to Kalavrouziotis et al., (2007a) , higher levels of heavy metals have accumulated in the roots of Zea mays than the leaves. Metal uptake by plants is controlled not only by metal interactions at the level of soil cation exchange sites, but also by competition at root sites of absorption.
The metal accumulation in unwashed samples was compared also with the common levels for heavy metals in plants (Table 4 ). In the present study, none of the concentration of the heavy metals studied exceeded the phytotoxic levels. All of the metals in plant samples, except for Mn, were present within normal concentration levels. This finding appeared to be consistent with the result from the study of Kalavrouziotis et al., (2007a) and Jaradat et al., (2005) . The Mn concentrations in plants were slightly high similar to those found by Pugh et al., (2002) and by Chaney, (1989).
The Cd and Cr contents in plant samples were determined to be at trace levels. The Cu concentrations in the washed and unwashed wheat close to each other.
According to the regression analysis, coefficients of the heavy metals versus distance and unwashed-washed relations are shown in Table 5 . Significant negative relationships were observed between heavy metal concentrations and distance: unwashed Zn (R This investigation clearly showed (Figure 2 ) that the heavy metal concentration decreased with increasing distances from the highway in unwashed plants. These results are similar to those found by Kalavrouziotis et al. (2006) . Rains (1971) and Buchauer (1973) .
CONCLUSION
In this study, concentration of Pb was found to be higher than the allowable maximum limits in soils. The high Pb and slightly high Mn show that heavy metal contamination at the soil of study area. The concentrations of Cu, Ni, Mn and Fe in unwashed wheat plants were statistically higher than those of the washed wheat plants. This is a result of the impact of traffic pollution on wheat plants. The results of the present work indicate that the heavy metals originated from the traffic precipitates in the plant samples. It was observed that the Mn concentration in unwashed wheat was higher than the normal levels however, being non toxic to the plant. The heavy metals which originated from motor vehicles have transported by the wind. Likewise, it was also observed that the maximum metal concentrations in soil and plants where are in the south of highway, except for Cd and Ni in the soil. This result has showed that the dominant wind (north and north-east) are carried the traffic pollutant to the south of area. These findings have demonstrated an apparent influence of traffic emission on wheat plants in close proximity to Corlu-Cerkezkoy Highway.
This study would help to reduce the risk to human health that originates from highway pollution. But, further extensive sampling is necessary to include similar study areas, and further research concerning contamination of other cereals.
